In mammals, macrophages are known to play a major role in tissue regeneration. These cells 50 contribute to inflammation, histolysis, re-epithelialization, re-vascularization and cell proliferation. 51
While all animals display some level of regenerative ability, some just do it better. Among 73 vertebrates, urodele amphibians possess the ability to faithfully regenerate large parts of their body, for 74 example their limbs (Brockes, 1997) , while a number of fish species including zebrafish, readily 75 regenerate their tail fins (Gemberling et al., 2013; Pfefferli and Jazwinska, 2015) . These examples 76 involve the coordinated regeneration of multiple tissues. This process is mediated by the formation of a 77 blastema, a structure of proliferating undifferentiated cells that re-utilize developmental mechanisms to 78 replace lost structures (Brockes and Kumar, 2002; Bryant et al., 2002; Tanaka, 2003) . Blastema-79 mediated regeneration is called epimorphic and is considered to be distinct from the regeneration of 80 individual damaged tissues, such skin and bone, which undergo a repair response without forming a 81 blastema (Carlson, 2005) . Characteristics of epimorphic regeneration, mostly gleaned from studies of 82 model systems such as the urodele limb or the zebrafish fin, include rapid re-epithelization, formation 83 of a signaling wound epidermis, requirement for neurotrophic factors, and the involvement of a 84 heterogeneous lineage-restricted population of blastema cells that can re-enter the cell cycle (Stocum 85 and Cameron, 2011). 86
Among mammals there are only a few models of epimorphic regeneration and the mouse digit tip 87 is the best characterized (Borgens, 1982; Fernando et al., 2011; Han et al., 2008; Neufeld and Zhao, 88 1993) . Digit tip regeneration in mice parallels the regeneration of human fingertips, a process well 89 documented in the clinical literature (Illingworth, 1974; McKim, 1932) , and displays some 90 characteristics that are similar to amphibian models of limb regeneration (Han et al., 2005; Muller et 91 al., 1999; Muneoka et al., 2008) . The mouse digit tip consists of the third phalangeal element, 92 surrounded by loose connective tissue and encased within the nail organ (Simkin et al., 2015a) . The 93 regeneration response can be divided into three distinct but overlapping phases: wound healing, 94 blastema formation and re-differentiation. Wound healing is characterized by an osteoclast-driven bone 95 degradation response that precedes wound closure, thus re-epithelization of the amputation wound is 96 delayed by comparison to other epimorphic regeneration models (Fernando et al., 2011; Han et al., 97 2008) . The completion of wound closure signals the termination of bone degradation and the transition 98 to the blastema formation phase (Simkin et al., 2015b) . Cell lineage studies provide evidence that the 99 blastema is composed of a heterogenous population of lineage-restricted cells (Lehoczky et al., 2011; 100 Rinkevich et al., 2011) , which are actively recruited to the amputation site . The 101 blastema is avascular and hypoxic; two characteristics essential for a normal regenerative response 102 (Sammarco et al., 2015; Sammarco et al., 2014; Yu et al., 2014) . Re-differentiation of the blastema to 103 regenerate the amputated P3 bone occurs by direct ossification and is dependent on BMP and WNT 104 signaling (Lehoczky and Tabin, 2015; Takeo et al., 2013; Yu et al., 2010) . Amputation of digits at more 105 proximal levels fail to regenerate but results in a periosteal response that forms a bone callus similar to 106 a fracture healing response (Dawson et al., 2016) . 107
The primary regenerated tissues during epimorphic regeneration of digit tips are skin and bone. 108
The repair of mammalian skin has been studied primarily in full thickness wounds in which the healing 109 response consists of distinct but overlapping phases beginning with hemostasis/inflammation, the 110 formation of granulation tissue and finally, matrix remodeling (Eming et al., 2014) . The inflammatory 111 response dominates the early stages of healing and is critical for re-epithelization as well as supporting 112 stage of regeneration. These results show that macrophages play critical roles in coordinating activities 142 during all three phases of epimorphic regeneration in mammals. 143
RESULTS 145
Both neutrophils and macrophages accumulate at the injury site after digit amputation. 146
Amputation of an adult mouse terminal phalangeal element (P3) transects the nail plate, epidermis, 147 dermis including blood vessels and nerves, and bone (Simkin et al., 2013) . Like all traumatic injuries, P3 148 amputation initiates an inflammatory response that involves the influx of cells derived from the 149 hematopoietic cell lineage and, since these cells are not present in regenerated tissues (Rinkevich et al., 150 2011), they represent a transient cell population. To characterize this inflammation response, 151
immunohistochemical techniques were used to analyze the timing and position of CD45 + hematopoietic 152 cells, Ly6B.2 + neutrophils (Hirsch and Gordon, 1983 ) and F4/80 + macrophages (Austyn and Gordon, 153 1981) within the amputation wound ( Fig. 1A) . Prior to and immediately following amputation, there are 154 few neutrophils or macrophages present in the mature digit ( Fig. 1B,F) . Indeed, there are few CD45 155 positive cells in the mature digit indicating that the pool of resident cells of the hematopoietic cell lineage 156 prior to amputation injury is very low (Fig. 1J ). Following amputation we find a progressive influx of 157 neutrophils within digit stump tissues that peaks at 5 days post amputation (DPA) (ANOVA main effect 158 time, F= 10.54 p=0.0002; *Bonferroni post hoc test p<0.05). Ly6B.2 + cells associated with the scab at 3 159 DPA appear to be dead or dying, while neutrophils present in the stump are mainly present in the bone 160 marrow cavity (Fig. 1C arrows) . At 7 DPA the wound epidermis is not yet closed; neutrophils are 161 localized to the bone marrow and the dermal connective tissue surrounding the bone stump ( Fig 1D) . 162
When the blastema forms by 10 DPA, neutrophils are predominately localized to the blastema and the 163 bone marrow cavity ( Fig 1E) . By 15 DPA, neutrophil numbers return to pre-amputation levels ( Fig. 1A) . 164
Following digit amputation, macrophage numbers peak at 7 DPA and return to baseline by 21 165 DPA ( Fig. 1A , ANOVA with main effect time, F=3.18, p=0.04, *Bonferroni post hoc test p<0.05). 166 F4/80 + cells are seen in low numbers in the bone marrow immediately following amputation ( Fig 1F) . 167 At 3 DPA, macrophages are scattered within the bone marrow and also in the connective tissue 168 surrounding the digit stump (Fig 1 G) . At 7 DPA, macrophages are predominately found within the 169 dermis associated with the nail matrix in the proximal portion of P3. By 10 DPA, macrophages 170 associated with the nail matrix remain high and at this stage, F4/80 + cells line the endosteal layer of the 171 P3 bone marrow ( Fig. 1H,I) . Notably, few F4/80 + macrophages are observed in the blastema itself. 172
Immunohistochemical staining of the pan-hematopoietic marker CD45 at similar regeneration stages 173 identifies cells within the bone marrow, stump dermis, blastema that overlap the combined staining for 174 neutrophils and macrophages ( Fig. 1K -M) and suggests that these cell types represent the majority of 175 the hematopoietic response to digit amputation. Overall, the regeneration response is associated with an 176 accumulation of neutrophils found predominately within the bone marrow and blastema, while 177 macrophages are localized to the endosteum of the P3 bone and the stump dermis associated with the 178 nail matrix. 179 180 Macrophages are required for digit tip regeneration. 181
To explore the role that the macrophage population has in digit tip regeneration, we first tested 182 the hypothesis that increasing macrophage presence inhibited regenerative capacity. We used targeted 183 application of Macrophage Chemoattractant Protein (MCP-1/CCL2) following digit tip amputation to 184 enhance the recruitment of activated macrophages (Dipietro et al., 2001) . A micro-carrier bead soaked 185 in a high concentration of MCP-1 (0.5µg/µl) was implanted in the connective tissue of the P3 digit. In 186 uninjured digits this MCP-1 treatment is able to enhance macrophage recruitment over control BSA 187 treated beads at 5 days post implantation (DPI), and macrophage levels returned to control levels by 15 188 days ( Fig. 2A , *Bonferroni post hoc test, main effect treatment, p<0.05). When MCP-1 treatment was 189 coupled with digit amputation, we observe a higher influx of macrophage numbers when compared to 190 BSA-treated digits at 5 and 15 DPA ( Fig. 2A , *Bonferroni post hoc test, main effect treatment p<0.05). 191
The enhanced macrophage presence was observed in both the dermis and bone marrow ( Fig. 2B, C) . 192
These data show that MCP-1 treatment successfully enhances and sustains macrophage recruitment to 193 the regenerating amputation wound. Following the regeneration process using μCT in vivo imaging, we 194 found that MCP-1 treated digits successfully regenerated largely in parallel with controls ( Fig. 2D, E) . 195
Bone volume measurements during the regenerative response indicated a statistically significant 196 reduction in bone degradation associated with MCP-1 treatment ( Hendrikx, 2010). We used a local Clodronate Liposome treatment of individual mouse digits during the 208 rise in macrophage recruitment to test whether phagocytic cells are required for digit tip regeneration. 209
Clodronate Liposomes (Clo-Lipo) or control liposomes containing PBS (PBS-Lipo) were injected into 210 amputated digits at 0, 2 and 5 DPA. Samples were collected at 6 DPA to check for neutrophil and 211 macrophage presence based on immunohistochemistry and for osteoclast presence based on distinct 212 cytological characteristics, i.e. multinucleated giant cells with ruffled borders. We observed a 213 significant reduction in F4/80 + cells in Clo-Lipo injected digits as compared to PBS-Lipo controls 214 indicating that targeted treatment effectively diminished the local macrophage population (Fig. 3A , 215 *unpaired student's t-test p<0.05). Osteoclasts which are derived from the monocyte/macrophage 216 lineage and are known to be present in high numbers during regeneration, (Fernando et al., 2011; 217 Sammarco et al., 2014) , were also depleted while neutrophils and osteoblasts are largely unaffected by 218
Clo-Lipo treatment (Suppl. Fig. 1 ). These findings show that Clo-Lipo treatment is effective in locally 219 depleting the injury-induced macrophage population. 220
To evaluate the effect of macrophage and osteoclast depletion on digit regeneration, we tracked The data show that Clo-Lipo treatment inhibits both the bone degradation response and also the 229 regeneration of distal bone. We also carried out studies to explore both the dose and timing of Clo-Lipo 230 treatment of the regeneration response. A single injection of Clo-Lipo at the time of amputation resulted 231 in digits that either failed to regenerate (37.5%; 3/8) or regenerated abnormally (62.5%; 5/8) producing 232 boney spikes from regions of the stump (Suppl. Fig. 2A ). Bone architecture suggests that the 233 degradation phase is completely inhibited by a single treatment with Clo-Lipo, and that bone 234 redifferentiation by the blastema is not an all or none event. To explore the relationship between the 235 Clo-Lipo effect and the timing of the inflammation response, a single treatment with Clo-Lipo was 236 administered at the peak of the inflammation response (7 DPA). Treatment at this time shows a trend 237 toward reduced bone degradation and re-differentiation responses, but treated samples were not 238 statistically different from PBS-Lipo treated controls (Suppl. Fig. 3 , Two-way ANOVA main effect 239 time, F=25.72, p<0.0001, and main effect treatment F=0.002, p=0.97). These studies identify the early 240 stages of the inflammation response as being critical for the regeneration promoting effect that 241 phagocytic cells, such as macrophages, have on blastema formation and digit tip regeneration in mice. In sharp contrast, the histology of Clo-Lipo treated digits show that the digit stump is largely 258 unchanged during this 28 day period, and that the injury is suspended at an early phase of regeneration 259 ( Fig. 4E-H ). There are a number of remarkable observations. First, there is no evidence of osteoclasts 260 or bone pitting of the stump at any of the time points analyzed, and this is consistent with bone volume 261 measurements from µCT imaging ( Fig. 2B ). Thus, Clo-Lipo treatment completely inhibits 262 osteoclastogenesis and bone degradation typically associated with the regenerative response. Second, 263 although nail elongation is observed, the epidermis fails to close over the amputation wound even by 264 28 DPA ( Osteoclasts are multinucleated cells of the monocyte lineage so their absence in Clo-Lipo studies 279 was anticipated. To explore the hypothesis that osteoclasts, independent of macrophages, are required 280 for regeneration we treated digits with free clodronate (F-Clo) to directly target osteoclasts (Russell and 281 Rogers, 1999) . To establish the efficacy of F-Clo, we administered a single injection of F-Clo into the 282 digit at the time of amputation and evaluated osteoclast and macrophage presence at 7 DPA. 283
Immunohistochemical studies show a distinct reduction of Cathepsin K positive osteoclasts when 284 compared to PBS injected control digits ( Fig. 5A,B ). In contrast, F4/80 positive macrophages were 285 abundant at the amputation wound site of F-Clo treated and PBS treated control digits ( Fig. 5C,D) . 286
These data show that F-Clo treatment is effective in selectively depleting osteoclasts without impairing 287 the macrophage population during digit tip regeneration, and this result is consistent with previous 288 reports (Frith et al., 1997; Zeisberger et al., 2006) . To study the effect of F-Clo on digit regeneration we 289 measured changes in bone volume using μCT imaging following a single treatment with F-Clo at the 290 time of amputation. Control digits injected with PBS undergo a normal regeneration response as 291 previously described (see Fig. 2C Histological analysis at 14 DPA showed that wound closure is complete, and a blastema forms 295 suggesting that the macrophage control of re-epithelization and blastema formation are independent of 296 osteoclasts ( Fig. 5G ). 297
To address the necessity of bone degradation for regeneration we took advantage of our previous 298 finding that the bone degradation phase is inhibited by wound closure and that application of the 299 cyanoacrylic wound dressing Dermabond stimulates rapid re-epithelization (Simkin et al., 2015b) . 300
Based on histological analyses applying Dermabond to F-Clo-or PBS-treated digits stimulated 301 epidermal closure by 7 DPA, and in both cases a blastema forms distal to the stump bone ( Fig. 5H,I) . 302
MicroCT imaging of F-Clo/ Dermabond and PBS/ Dermabond treated digits showed that the amount of 303 bone degradation was reduced in PBS digits and completely inhibited in F-Clo digits ( Fig. 5J ). 304
Nevertheless, both PBS control and F-Clo treated digits regenerated the amputated digit tip indicating 305 that digit tip regeneration occurs in the absence of stump bone degradation. Thus, the data indicate that 306 while osteoclast-mediated bone degradation is a macrophage-dependent process, it is not a requirement 307 for successful regeneration. 308
Stimulating epidermal closure does not rescue Clo-lipo inhibition of regeneration. 309
Because the wound epidermis is central to epimorphic regeneration in amphibian and zebrafish 310 models, we next tested if re-epithelization could rescue regeneration in a macrophage-depleted, Clo-311 Lipo injected digit. We first established that Dermabond rescues the wound closure deficit that results 312 from macrophage depletion and that re-epithelization is complete by 7 DPA (Fig. 6A,B ). Clo-313 Lipo/Dermabond treated digits do not show evidence of bone degradation and develop a distal 314 accumulation of cells that appear blastema-like ( Fig. 6B ). Next we used μCT imaging to track 315 anatomical and bone volume changes of the digits during the regenerative response. In control studies 316 combining Dermabond wound dressing with PBS-Lipo treatment we observed a regenerative response 317 similar to that observed following only Dermabond treatment, whereas digits treated with Dermabond 318 and Clo-Lipo displayed no change in stump bone volume or anatomy ( Fig. 6C, D) . These studies 319 indicate that rescuing wound closure is not sufficient to rescue the regeneration response caused by 320 macrophage depletion. The data show that the wound epidermis is able to recruit cells to the 321 amputation wound to form a blastema-like structure, however maintenance of the blastema and the 322 final stages of blastema differentiation is macrophage dependent. Overall, these studies indicate that 323 macrophages are required for osteoclast-driven bone degradation, re-epithelization of the amputation 324 wound and osteogenic differentiation of the blastema. 325
326

DISCUSSION 327
In adult mammals, the resolution of traumatic injury throughout the body is tissue specific: some 328 tissues undergo impaired healing with little sign of regeneration (e.g. skin, heart) whereas other tissues 329 are able to regenerate a functional replacement (e.g. bone, skeletal muscle, liver) (Stocum, 2012) . In all 330 of these tissues the injury response involves inflammation that includes the mobilization and invasion 331 of macrophages. The phagocytic action of macrophages functions to protect the host from infection 332 although in recent years it is clear that macrophages also play key roles in enhancing the quality of the 333 healing response and are necessary to promote regenerative responses. A key goal in regeneration 334 biology is to understand the balance between the prevention of a pathological outcome resulting from 335 uncontrolled infection or fibrosis on the one hand and enhancing the restoration of tissue function on 336 the other. Both functions are critical for survival following traumatic injury, so both components are 337 expected to be integral to the evolution of the healing response. Recent studies focusing on the 338 inflammation response in animals that are highly regenerative demonstrate that macrophage 339 recruitment to an amputation wound is required for a successful regenerative response (Godwin et al., 340 2013; Petrie et al., 2014 ). In the current study we have used the regenerating digit tip of the mouse to 341
show that macrophage invasion of the amputation wound in mice is absolutely essential for multiple 342 stages of regeneration. Macrophage depletion following digit amputation causes numerous 343 modifications of the regeneration program that include an inhibition in osteoclastogenesis and the bone 344 degradation phase of regeneration, an inhibition of re-epithelization of the amputation wound, the 345 inhibition of blastema formation, and the inhibition of redifferentiation of the blastema to reform the 346 digit tip. Our studies show that while macrophages are required for osteoclastogenesis and bone 347 degradation, this process itself is not required for a successful regenerative response. On the other hand, 348 macrophages are essential for re-epithelization of the wound and the wound epidermis is required for 349 blastema formation and regeneration. Finally, macrophages are required for blastema cell 350 differentiation to regenerate distal skeletal elements. Overall, the evidence shows that epimorphic 351 regeneration in a mammalian model is macrophage-dependent and that macrophages regulate multiple 352 key components of the regeneration response. 353
354
Osteoclasts and bone degradation are not required for regeneration 355
Blastema formation during digit tip regeneration is characterized by the dramatic histolytic 356 degradation of the P3 bone stump that occurs prior to wound closure. This response is associated with 357 an increase in osteoclast numbers that coincides with the peak of invading macrophages and results in a 358 significant reduction in the volume of the stump bone (Fernando et al., 2011) . Following the local 359 depletion of macrophages, we find few osteoclasts associated with the stump bone and a complete 360 absence of the degradation response. Thus, the rise in stump osteoclasts and the subsequent degradation 361 of the P3 stump bone are dependent on local macrophages during the early stages following amputation 362 injury. These findings are in line with similar macrophage depletion studies that result in a loss of 363 osteoclasts in bone regeneration models associated with fracture healing (Lin et al., 2016) . Osteoclasts 364 are large multinucleated cells derived from the monocyte/macrophage lineage and form from the fusion 365 of single nucleated pre-osteoclasts. Osteoclasts are generally viewed as a bone-specific resident 366 monocyte population (Sinder et al., 2015) , however we find few F4/80 or CD45 positive cells 367 associated with the P3 skeletal element prior to amputation. The paucity of resident cells coupled with 368 the dramatic rise in macrophages is consistent with the conclusion that the majority of macrophages are 369 recruited to the amputation wound. Since osteoclasts associated with bone degradation following 370 amputation are lacking after local macrophage depletion with Clo-Lipo treatment, we conclude that 371 these multinucleated cells are derived, at least in part, from a recruited macrophage population. 372
While it is clear that osteoclasts play an obvious histolytic role in the regeneration response, it has 373 not been clear whether the degradation of bone is required for a regenerative response. There is 374 evidence implicating the bone degradation response in regulating blastema size and the extent of the 375 regenerative response (Sammarco et al., 2015) . Studies in other models of epimorphic regeneration 376
show that histolytic activity is up-regulated early in regeneration and that matrix metalloproteinase macrophages are required for wound closure. One difference between digit amputation and full 395 thickness wounds is that re-epithelization of full thickness wounds is delayed but eventually occurs and 396 this likely reflects differences in wound contraction between the two models, i.e. healing of digit 397 amputations does not involve wound contraction (Fernando et al., 2011) . In digit amputation, we have 398 previously shown that re-epithelization can be enhanced by simply treating the amputation wound with 399 a cyanoacrylic wound dressing, Dermabond, (Simkin et al., 2015b) and we show in the current study 400 that Dermabond completely rescues re-epithelization inhibited by macrophage depletion. Such rescue is 401 consistent with the conclusion that macrophages play a role in creating a wound environment 402 permissive for re-epithelization rather than having a direct effect on epidermal cells. The lack of an 403 apparent effect on epidermal expansion and nail elongation in macrophage-depleted digits also supports 404 this conclusion. Oxygen availability and epidermal hypoxia have been implicated in the regulation of 405 wound epidermis formation (Simkin 2015; Sammarco 2015) . Oxygen availability is generally 406 mediated by the vasculature and following traumatic injury oxygen availability is largely regulated by 407 the angiogenic response. In wound healing models macrophages infiltrate the granulation tissue of the 408 wound bed where they create a proangiogenic environment that results in an excessive revasularization 409 response that has been linked to scar formation (DiPietro, 2016). Angiogenesis during digit blastema 410 formation is uniquely different in that the injury response is not characterized by a proangiogenic 411 environment, but an anti-angiogenic environment that is regulated by the production of the anti-412 angiogenic factor, PEDF, coupled with a reduced level of Vegfa expression Yu et 413 al., 2014) . In this light, the observation that the digit blastema is largely devoid of macrophages is 414 consistent with both the avascular and hypoxic character of the blastema (Fernando et al., 2011; 415 Sammarco et al., 2014) . 416
The necessity of the wound epidermal and mesenchymal cell interactions for epimorphic 417 regeneration is established in other models such as salamander limb regeneration and zebrafish fin 418 regeneration (Carlson, 1969 ; Chablais and Jazwinska, 2010; Goss, 1956; Mescher, 1976; Whitehead et 419 al., 2005) . In mammalian regeneration there is little direct evidence that the wound epidermis plays a 420 similar role. The observation that macrophage depletion inhibits the formation of the wound epidermis, 421 blastema formation and blastema differentiation has allowed us to explore the relationship between 422 these events. Stimulating the formation of the wound epidermis following osteoclast-depletion rescues 423 the regenerative response but does not rescue regeneration in macrophage-depleted digits. This 424 provides evidence that the mammalian wound epidermis is required for a successful regeneration 425 response. Even though regeneration is not rescued by the wound epidermis in macrophage-depleted 426 digits, the wound epidermis does stimulate the accumulation of a population of cells that appear 427 blastema-like distal to the amputation stump. This indicates that the wound epidermis plays a role in 428 recruiting cells that accumulate distal to the amputation injury, although establishing the regenerative 429 potential of this structure will require further examination. The wound epidermis along with the 430 deviation of a nerve plays a similar role in salamanders since wounding and nerve deviation stimulates 431 the formation of an ectopic blastemal structure that eventually regresses (Endo et al., 2004; Satoh et al., 432 2008 ). Based on these findings we conclude that the necessity of the wound epidermis for epimorphic 433 regeneration can be extended to mammals, and represents an example of a regenerative mechanism that 434 is conserved among vertebrates. 435 436
Macrophages play multiple roles in epimorphic regeneration 437
It is difficult to gain a clear understanding of the role that macrophages play in epimorphic 438 regeneration based solely on macrophage depletion studies. Nevertheless, a major conclusion is that 439 macrophages are required for multiple key aspects of the regeneration response in mammals, and this 440 study provides an important first step toward elucidating the details and extent of their involvement. In Creek, MI) overnight. Bone was decalcified for 8 hours in formic acid based decalcifier (Decal I, 495
Surgipath, Richmond, IL). Samples were processed for paraffin embedding using a Leica TP 1020 496 Processor (Leica, Buffalo Grove, IL). 4 m serial sections were obtained using a Leica RM2255 497 microtome. Sections were deparaffinized in xylenes and rehydrated through a series of graded ethanol. 498
Mayer's Hematoxylin and Eosin Y (Sigma-Aldrich, St. Louis, MO) staining was carried out according 499 to manufacturer's protocol. Mallory Trichrome staining was also carried out according to 500 manufacturer's instructions (American Mastertech, Lodi, CA). Coverslips were mounted with Permount 501 mounting medium (Fisher Scientific, Waltham, MA). For immunohistochemistry, serial sections were 502 deparaffinized in xylene and rehydrated through graded ethanol. Antigen retrieval was carried out in 503 either a pH6 citrate buffer for 20 minutes at 90 o C or with proteinase K at 10mg/mL for 10 minutes at 504 37 o C according to in-house optimized protocols for each antibody. Endogenous hydrogen peroxide was 505 blocked using a solution of 3% H2O2 in methanol, and endogenous avidin and biotin were blocked with 506 a Dako blocking kit. Non-specific antibody binding sites were blocked using a serum free blocking 507 buffer (Dako, Carpinteria, CA). Slides were incubated at 4 o C overnight with the following primary 508 antibodies: F4/80 (5g/mL, Rat anti mouse, Cat# 14-4801, eBioscience, San Diego, CA), Ly6B. implants were carried out as previously described (Simkin et al., 2013) . Briefly, after soaking in protein 533 solution overnight, beads were allowed to air dry and were implanted with tungsten needles into the 534 dermis surrounding the P3 bone at 0 or 3 DPA. For each treated mouse, digits on one paw received PBS 535 soaked beads and on the other paw MCP1 soaked beads. Left/right paw treatment was randomized for 536 each mouse. Macrophage recruitment was calculated with immunofluorescent analysis as described 
